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(54) Misfire detecting device for internal combustion engine 

(57) A misfire detecting device for an internal com- 
bustion engine is provided. The misfire detecting device 
comprises high voltage pulse producing means for pro- 
ducing, after spark discharge of a spark plug, a high 
voltage pulse which is not so high as to cause the spark 
plug to discharge, voltage applying means for applying 
the high voltage pulse to a conductive path connecting 
between a secondary winding of an ignition coil to the 
spark plug, by way of a reverse current preventing diode 
and a leakage preventing diode connected to the con- 
ductive path or by way of a reverse current preventing 
diode and the secondary winding of the ignition coil, 
voltage dividing means for dividing a voltage at a side of 
the reverse current preventing diode nearer to the con- 
ductive line to obtain a divided voltage, misfire detecting 
means for detecting a misfire on the basis of a decay 
characteristic of the divided voltage obtained after appli- 
cation of the high voltage pulse, wherein the reverse 
current preventing diode and the leakage preventing 
diode or the secondary winding of the ignition coil are 
connected by means of a shielding wire having an outer 
conductor for shielding. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

The present invention relates to a device for detect- 
ing a combustion condition or misfire of an internal com- 
bustion engine. 

10 

2. Description of the Prior Art 

Various ignition systems or use in multi-cylinder 
internal combustion engines are known, for example, as 
shown in Fig. 4A, there is known a distributor type igni- 15 
tion system which includes an ignition coil 50, a power 
transistor 52 for making battery current flow through a 
primary winding 50a of the ignition coil 50, an engine 
control unit (ECU) 54 for driving the power transistor 52 
in sequence and in timed relation to the ignition timings 20 
of each cylinder #1 - #4 and inducing a high voltage for 
ignition in a secondary winding 50b of the ignition coil 
50, and a distributor 55 for distributing the high voltage 
for ignition to spark plugs 56 - 59 of the respective cyl- 
inders #1 ~ #4 of the internal combustion engine 25 
sequentially, whereby the ignition system is adapted to 
distribute the high voltage for ignition to each spark 
plugs by way of the distributor 55, 

As shown in Rg. 4b, there is further known a single- 
ended distributorless ignition system which includes a 30 
plurality of ignition coils 61 and 62 corresponding to 
each cylinders #1 and #2 of an internal combustion 
engine, power transistors 64 and 65 for making battery 
current flow through primary windings 61a and 62a of 
the ignition coils 61 and 62, and an engine control unit 35 
(ECU) 67 for driving the power transistors 64 and 65 
one by one and in timed relation to the ignition timings 
of each cylinders #1 and #2 and inducing a high voltage 
for ignition in secondary windings 61b and 62b of the 
ignition coils 61 and 62, whereby the ignition system is 40 
adapted to apply a high voltage for ignition produced at 
each secondary windings 61b and 62b to each spark 
plugs 68 and 69. 

Though not shown, there is further known a double- 
ended distributorless ignition system which is con- 45 
structed so as to make a secondary winding of an igni- 
tion coil be connected at opposite ends thereof to a pair 
of spark plugs provided to different cylinders and 
thereby be capable of applying a high voltage for igni- 
tion from one ignition coil to two spark plugs simultane- sc 
ously. 

In each of such ignition systems, there is normally 
incorporated a combustion condition or misfire detect- 
ing device which is adapted to detect a combustion con- 
dition or misfire of each cylinders of an internal si 
combustion engine on the basis of a waveform of a volt- 
age obtained after spark discharge of the spark plug. 

For example, the distributor type ignition system 
shown in Fig. 4A is provided with a misfire detecting 



device which consists of a voltage dividing circuit 78 
made up of coupling capacitors 71 ~ 74 of a small 
capacity, disposed in a conductive path for applying a 
high voltage for ignition to the spark plugs 56 - 59 and 
a capacitor 76 of a relatively large capacity and a resis- 
tor 77 which are connected to the coupling capacitors 
71 ~ 74 at one end and grounded at another end, 
respectively, and a misfire detecting circuit 80 for detect- 
ing a misfire of each cylinders #1 ~ #4 on the basis of a 
decay characteristic of a divided voltage which is 
obtained by means of the voltage dividing circuit 78 
after ignition or firing of each cylinders #1 ~ #4. Further, 
the single-ended distirbutorless ignition system is pro- 
vided with a misfire detecting device which consists of a 
mortage dividing circuit made up of capacitors 81 and 
82 of a small capacity, a capacitor 84 of a relatively large 
capacity and a resistor 85, and a misfire detecting circuit 
87 for detecting a misfire of each cylinders #1 and #2 on 
the basis of a decay characteristic of a divided voltage 
obtained by means of the voltage dividing circuit. 

However, in the prior art misfire detecting device, 
the coupling capacitor of a small capacity, constituting 
part of the voltage dividing circuit, is directly provided to 
a conductive path (i.e., high tension code) for each 
spark plug, to which a high voltage for ignition is 
applied, in order to detect a voltage waveform obtained 
after spark discharge. Accordingly, it requires coupling 
capacitors, each of which is of a high withstand voltage 
and expensive as it goes, by the number corresponding 
to that of cylinders, thus causing a problem of a high 
cost Further, in order to fix the coupling capacitors to 
the conductive paths (i.e., high tension codes) for the 
spark plugs, a fixing device only for that end is necessi- 
tated. In this connection, a plurality of such fixing 
devices corresponding in number to the cylinders are in 
effect necessitated, thus causing a problem of a high 
cost and a difficult assembling work. 

Further, in the double-ended distributorless ignition 
system in which a high voltage for ignition is applied 
from one ignition coil to two spark plugs simultaneously, 
a negative high voltage is applied as a high voltage for 
ignition to one of the two spark plugs. In the spark plug 
to which a negative voltage is applied, an electrical 
resistance between the center electrode and the outer 
electrode is maintained high even in the case where 
normal combustion occurs, similarly to the case where a 
misfire has occurred, so there is caused a problem that 
it is impossible to correctly distinguish between normal 
combustion and misfire on the basis of the voltage 
waveform. 

SUMMARY O F THE INVENTION 

According to an aspect of the present invention, 
there is provided a misfire detecting device for an inter- 
nal combustion engine having an ignition system for 
interrupting flow of primary current through a primary 
winding of an ignition coil and thereby inducing a high 
voltage for ignition in a secondary winding of the ignition 
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coil, and applying the high voltage for ignition to a spark 
plug provided to an internal combustion engine. The 
misfire detecting device comprises high voltage pulse 
producing means for producing, after spark discharge of 
the spark plug, a high voltage pulse which is not so high 5 
as to cause the spark plug to discharge, voltage apply- 
ing means for applying the high voltage pulse to a con- 
ductive path connecting between the secondary 
winding of the ignition coil to the spark plug, by way of a 
reverse current preventing diode and a leakage prevent- to 
ing diode connected to the conductive path or by way of 
a reverse current preventing diode and the secondary 
winding of the ignition coil, voltage dividing means for 
dividing a voltage at a side of the reverse current pre- 
venting diode nearer to the conductive line to obtain a 15 
divided voltage, misfire detecting means for detecting a 
misfire on the basis of a decay characteristic of the 
divided voltage obtained after application of the high 
voltage pulse, wherein the reverse current preventing 
diode and the leakage preventing diode or the second- 20 
ary winding of the ignition coil are connected by means 
of a shielding wire having an outer conductor for shield- 
ing. In the above misfire detecting device, the high volt- 
age pulse producing means produces, after spark 
discharge of a spark plug, a high voltage pulse which is 2 s 
not so high as to cause the spark plug to discharge. The 
voltage applying means applies the high voltage pulse 
to the conductive path connecting between the second- 
ary winding of the ignition coil and the spark plug by way 
of the reverse current preventing diode and the leakage 30 
preventing diode or by way of the reverse current pre- 
venting diode and the secondary winding of the ignition 
coil. The voltage dividing means divides the voltage at 
the conductive path side of the reverse current prevent- 
ing diode. The misfire detecting means detects a misfire 35 
of the internal combustion engine on the basis of the 
decay characteristic of the divided voltage obtained at 
the voltage dividing means. When normal combustion 
has occurred within a cylinder, the resistance between 
the center electrode and the outer electrode of the 40 
spark plug becomes low. On the other hand, when a 
misfire has occurred, the resistance between the center 
electrode and the outer electrode of the spark plug is 
maintained high. Thus, according to the present inven- 
tion, by applying a high voltage pulse to the conductive 45 
path connecting between the secondary winding of the 
ignition coil and the spark plug and thereby storing a 
charge in the conductive path, judgment on a misfire of 
the internal combustion engine can be made on the 
decay characteristic of the terminal voltage of the 50 
reverse current preventing diode. The terminal voltage 
is caused to decay when the stored charge is dis- 
charged through the center electrode of the spark plug, 
i.e., the divided voltage decays rapidly when normal 
combustion has occurred and slowly when a misfire has 55 
occurred. According to the present invention, the path 
for application of a high voltage pulse to the conductive 
path connecting between the secondary winding of the 
ignition coil and the spark plug, i.e., the path extending 



from the reverse current preventing diode to the leakage 
preventing diode or the secondary winding of the igni- 
tion coil is constituted by a shielding wire having an 
outer conductor for shielding. Thus, according to the 
present invention, the capacity-to-ground of the path for 
application of a high voltage pulse, extending from the 
reverse current preventing diode to the leakage prevent- 
ing diode or the secondary winding of the ignition coil, 
does not vary largely depending upon a variation of the 
environment in which it is used, such as dew, and there- 
fore it becomes possible to prevent the accuracy in 
detection of misfire from being lowered due to a varia- 
tion of the capacity-to-ground of the path. Further, since 
the path is shielded by the outer conductor, it becomes 
possible to prevent outward radiation of strong electro- 
magnetic wave and therefore radio interference from 
being caused by application of the high voltage pulse. 

According to another aspect of the present inven- 
tion, the shielding wire comprises a center conductor, 
an outer conductor disposed around the center conduc- 
tor, and an insulator interposed between the center con- 
ductor and the outer conductor. The reverse current 
preventing diode and the leakage preventing diode are 
connected by means of the center conductor of the 
shielding wire. The voltage dividing means has a capac- 
itor connected at one of opposite ends to the outer con- 
ductor of the shielding wire and grounded at the other of 
the opposite ends. A voltage across the opposite ends 
of the capacitor is inputted as the divided voltage to the 
misfire detecting means. In a coaxial cable having a 
center conductor and an outer conductor, there exists 
between the center conductor and the outer conductor a 
constant electrostatic capacity which is determined by 
the dielectric constant of the insulator between the 
center conductor and the outer conductor, the distance 
between them, the area of their facing surfaces, the 
length of the cable, etc. According to the present inven- 
tion, in place of a capacitor of a high withstand voltage 
and a small capacity, which is used to constitute a 
capacitor voltage dividing circuit, the capacity between 
the conductors of the coaxial cable is used, i.e.. the volt- 
age at the conductive path side of the reverse current 
preventing diode is divided by using the capacity 
between the conductors of the coaxial cable and the 
capacity of the diode grounded at one end, and a 
divided voltage is inputted to the misfire detecting 
means. Due to this, it becomes possible to prevent a 
variation of the capacity-to-ground of the path for appli- 
cation of high voltage pulse, thus making it assured 
accurate detection of misfire whilst making it possible to 
prevent radio interference and dispense with a capacitor 
of a high withstand voltage and a small capacity, which 
is large in volume and expensive and which is otherwise 
necessitated in constituting the voltage dividing means 
by a capacitor voltage dividing circuit. So. it can be 
attained with ease to make the misfire detecting device 
smaller in size and reduce the cost. 

According to a further aspect of the present inven- 
tion, the shielding wire is a double shielding wire includ- 
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ing a center conductor, an intermediate conductor 
disposed around th6 center conductor, an outer conduc- 
tor disposed around the intermediate conductor, a first 
insulator disposed between the center conductor and 
the intermediate conductor, and a second insulator dis- 5 
posed between the intermediate conductor and the 
outer conductor. The reverse current preventing diode 
and the leakage preventing diode or the secondary 
winding of the ignition coil are connected by means of 
the center conductor or the intermediate conductor of 10 
the shielding wire. The voltage dividing means has a 
capacitor connected at one of opposite ends to one of 
the center conductor and the intermediate conductor, to 
which the reverse current preventing diode is noi con- 
nected, and grounded at the other of the opposite ends. 15 
A voltage across the opposite ends of the capacitor is 
applied as the divided voltage to the misfire detecting 
means. In the double shielding wire, there exists 
between the center conductor and the intermediate 
conductor a constant electrostatic capacity which is 20 
determined by the dielectric constant of the insulator 
between the center conductor and the intermediate 
conductor, the distance between them, the area of their 
facing surfaces, the length of the wire, etc. Thus, by con- 
necting the reverse current preventing diode and the 25 
leakage preventing diode or the secondary winding of 
the ignition coil by means of the center conductor or the 
intermediate conductor and connecting one of the 
center conductor and the intermediate conductor which 
is not used for the above connection, to the capacitor 30 
grounded at one end, it is adapted to divide the voltage 
at the conductive path side of the reverse current pre- 
venting diode by using the capacity between the center 
conductor and the intermediate conductor and the 
capacity of the capacitor. By this, an effect similar to that 35 
mentioned above is obtained, and it becomes possible 
to prevent production of noise (occurrence of radio inter- 
ference) at the time of application of the high voltage 
pulse with efficiency and assuredness since the center 
conductor and the intermediate conductor is shielded by 40 
the outer conductor. 

According to a further aspect of the present inven- 
tion, the shielding wire is for example of a parallel two- 
wire type or the like and comprises a plurality of parallel 
center conductors, an outer conductor placed around 45 
the center conductors, and an insulator disposed 
between the outer conductor and the respective center 
conductors. The reverse current preventing diode and 
the leakage preventing diode or the secondary winding 
of the ignition coil are connected by means of at least sc 
one of the center conductors of the shielding wire. The 
voltage dividing means has a capacitor connected at 
one of opposite ends thereof to remaining one of the 
center conductors which is not connected to the reverse 
current preventing diode and grounded at the other of si 
the opposite ends. A voltage across the opposite ends 
of the capacitor is inputted as the divided voltage to the 
misfire detecting means. In a parallel multi-wire type 
shielding wire, there exists between the center conduc- 



tors surrounded by the outer conductor a constant elec- 
trostatic capacity which is determined by the dielectric 
constant of the insulator between the center conduc- 
tors, the distance between them, the area of their facing 
surfaces, the length of the wire, etc. Thus, by connect- 
ing the reverse current preventing diode and the leak- 
age preventing diode or the secondary winding of the 
ignition coil by means of at least one of the center con- 
ductors and connecting one of the center conductors 
which is not used for the above connection to the capac- 
itor grounded at one end, it is adapted to divide the volt- 
age at the conductive path side of the reverse current 
preventing diode by using the capacity between the 
center electrodes and the capacity of the capacitor. By 
this, an effect similar to that described above is obtained 
and it becomes possible to prevent production of noise 
(occurrence of radio interference) at the time of applica- 
tion of the high voltage pulse with efficiency and assur- 
edness. 

According to a further aspect of the present inven- 
tion, in the case where the shielding wire is a double 
shielding wire or of a parallel multi-wire type, the outer 
conductor is grounded. By this, it becomes possible to 
prevent a variation of the capacity-to-ground of the path 
for application of high voltage pulse, extending from the 
reverse current preventing diode to the leakage prevent- 
ing diode or the secondary winding of the ignition coil, 
more assuredly, thus making it possible to improve the 
accuracy in detection of misfire. 

According to a further aspect of the present inven- 
tion, the shielding wire constituting the path which 
extends from the reverse current preventing diode to the 
leakage preventing diode or the secondary winding of 
the ignition coil, comprises an insulator having a rela- 
tively low dielectric constant and disposed more adja- 
cent to an outer periphery of the center conductor or 
outer peripheries of the center conductors and an insu- 
lator having a relatively high dielectric constant and dis- 
posed more adjacent to an inner periphery of the outer 
conductor. This is for the purpose that in the case where 
the capacity-to-ground of the shielding wire is made 
smaller in order that the high voltage pulse producing 
means can be smaller in size, the shielding wire can be 
obtained at a relatively low cost and the workability at 
the time of connection of wires can be prevented from 
being deteriorated. That is, in the case whert? the 
capacity-to-ground of the shielding wire constituting the 
path for application of high voltage pulse is large, the 
high voltage pulse is absorbed by the path and the volt- 
age applied to the spark plug is lowered, so it is neces- 
sary to make smaller the source impedance for the high 
voltage pulse. However, if the source impedance is 
made smaller, there is caused a problem that the weight 
of the overall device is increased. Accordingly, from a 
consideration of this fact, it is desired, in the case where 
a shielding wire is used for the path for application of 
high voltage pulse and the capacity-to-ground of the 
path needs to be stabilized, to make the capacity-to- 
ground of the shielding wire as small as possible. In the 
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meantime, in order to make smaller the capacity-to- 
ground of the shielding wire (i.e., the electrostatic 
capacity of the outer electrode and the center electrode 
constituting the path for application of the high voltage 
pulse), it will do to make larger the distance between the 
center conductor and the outer conductor (i.e., the thick- 
ness of the insulator therebetween) or to make smaller 
the dielectric constant of the insulator. However, in order 
to make smaller the dielectric constant of the insulator, 
an expensive insulation material such as Teflon (trade- 10 
mark of Du Pont) must be used, thus causing a problem 
that the cost of the device is increased. So, it is not real- 
istic to make smaller the dielectric constant of the insu- 
lator. On the other hand, in the case where an insulation 
material such as silicon rubber having a relatively large 15 
dielectric constant is used, the shielding wire can be 
obtained at a relatively low cost, thus, though not caus- 
ing the above problem, causing the shielding wire to be 
thicker in its entirety. So, there is caused a problem that 
the work for wiring, etc. within the engine compartment 20 
and for connection of the shielding wire becomes more 
difficult. Thus, by disposing, in the shielding wire consti- 
tuting the path for application of high voltage pulse, an 
insulator which is relatively low in dielectric constant 
though relatively high in cost, in the place adjacent to 
the center conductor and an insulator which is relatively 
high in dielectric constant though relatively low in cost, 
in the place adjacent to the outer conductor, it becomes 
possible to meet both requirements for the thickness of 
the shielding wire (i.e., the workability at the time of con- 
nection of the shielding wire) and for the cost of the 
shielding wire. Thus, according to the present invention, 
it becomes possible to obtain a shielding wire which is 
relatively low in capacity-to-ground and enables to set 
the high voltage pulse at a relatively low value, at a rel- 
atively low cost without deteriorating the workability at 
the time of connection of the wire, etc., and it becomes 
possible to make smaller in side the misfire detecting 
device with ease. 

In the case where the insulator is constructed to 
have a dual-walled structure, it will do to use for an insu- 
lator adjacent to the periphery of the center conductor 
an insulation material such as Teflon, which mainly con- 
tains fluororesin and which has been heretofore and 
generally used as an insulation material for an expen- 
sive shielding wire, and for an insulator adjacent to the 
inner periphery of the outer conductor an insulation 
material which mainly contains silicon rubber and which 
has heretofore and generally been used as an insula- 
tion material for an ordinary shielding wire. 

The foregoing structures are effective for solving 
the above noted problems inherent in the prior art 
device. 

It is accordingly an object of the present invention to 
provide a novel and improved misfire detecting device 
which can effect an accurate detection of a misfire at all 
times, without being affected by a variation of the envi- 
ronment in which it is used. 
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It is a further object of the present invention to pro- 
vide a novel and improved misfire detecting device of 
the aforementioned character which makes it possible 
to reduce its size and the cost with ease. 



Fig. 1 is a circuit diagram of a double-ended distrib- 
utorless ignition system having incorporated 
therein a misfire detecting device according to an 
embodiment of the present invention; 
Figs. 2A, 2A\ 2B, 2C and 2C are sectional views of 
various shielding wires for use in the misfire detect- 
ing device of Fig. 1 ; 

Fig. 3 is a circuit diagram of a single-ended distrib- 
utorless ignition system having incorporated 
therein a misfire detecting device according to an 
embodiment of the present invention; and 
Figs. 4 A and 4B are circuit diagrams of a prior art 
distributor type ignition system and a prior art sin- 
gle-ended distributor less ignition system, respec- 
tively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In order to solve the above noted problems it has 
been proposed, as disclosed in Japanese Patent appli- 
cation Nos. 6-205834 and 6-198848 which are assigned 
to the same assignee of the subject application, a mis- 
fire detecting device which is constructed so as to apply 
a high voltage pulse which is not so high as to cause a 
spark plug to perform spark discharge, by way of a 
reverse current preventing diode and a leakage prevent- 
ing diode for preventing intrusion of a high voltage for 
ignition or by way of a reverse current preventing diode 
and a secondary winding of an ignition coil, to a conduc- 
tive path (i.e., high tension code) connecting between 
the secondary winding of the ignition coil and the spark 
plug, divide the voltage at the conductive path side of 
the reverse current preventing diode, and detect a com- 
bustion condition or misfire of each cylinder on the basis 
of the decay characteristic of the divided voltage. 

The proposed device is adapted to utilize the fact 
that when a high voltage pulse is applied by way of a 
reverse current preventing diode to an ignition system of 
each cylinder of an internal combustion engine after 
spark discharge, for thereby scoring a charge in the 
ignition system, the stored charge is discharged by 
means of ions existing adjacent the electrodes of the 
spark plug having caused combustion, causing the ter- 
minal voltage at the reverse current preventing diode to 
decay, and thereby to detect whether the quantity of the 
ions existing adjacent the electrodes of the spark plug is 
large or small, i.e.. whether the combustion has 
occurred or not within the corresponding cylinder. 

In a distributor type or a single-ended distributor- 
less ignition system, the proposed device can be con- 
structed so that, for example, a high voltage pulse from 
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the reverse current preventing diode is applied by way of 
the secondary winding of the ignition coil to the spark 
plug of each cylinder to detect the voltage at the ignition 
coil side of the reverse current preventing diode by 
means of one voltage dividing circuit, whereby it j 
becomes possible to detect a misfire at each cylinder, 
and the structure can be simplified to reduce the cost. 

On the other hand, in a double-ended distributor- 
less ignition system, the proposed device can be con- 
structed so that a high voltage pulse is applied by way of 
a reverse current preventing diode and a leakage pre- 
venting diode to a conductive path connecting between 
the ignition coil and one spark plug to detect a voltage at 
the junction between reverse current preventing diode 
and the leakage preventing diode by means of a voltage 
dividing circuit, whereby it becomes possible to detect 
the combustion condition or misfire in the cylinders pro- 
vided with a pair of spark plugs by one voltage dividing 
circuit, so that it becomes possible to simplify the struc- 
ture and reduce the cost and furthermore it becomes 
possible to detect the combustion condition or misfire 
correctly without being affected by the polarity of a high 
voltage for ignition. 

In the meantime, in the above proposed device, it 
was revealed that since in order to apply a high voltage 
pulse from the reverse current preventing diode to the 
ignition line for each cylinders, a conductive harness 
was used to connect therebetween, there happened a 
case in which a combustion condition or misfire could 
not be detected correctly due to a variation of environ- 
ment or circumstance. Hereinafter, the reason why will 
be described. 

in the above proposed device, a charge is stored in 
the igniting line for each cylinder by way of the reverse 
current preventing diode, and a combustion condition or 
misfire is detected depending on the decay characteris- 
tic of a divided voltage which decays when the stored 
charge is discharged by means of the ions adjacent the 
spark plug. The decay characteristic of the divided volt- 
age varies depending upon a variation of a time con- 
stant which is determined by an interelectrode 
resistance of the spark plug and a capacitance of an 
igniting line including a charging path extending from 
the misfire detecting device to the igniting line. Accord- 
ingly, in the case where a conductive harness is used for 
applying a high voltage pulse from the reverse current 
preventing diode to the igniting line, also the capaci- 
tance-to-ground of the conductive harness have an 
influence on the decay characteristic of the divided volt- 
age. 

On the other hand, the capacitance-to-ground of 
the conductive harness varies under the influence of the 
water attached to the circumferential periphery of the 
harness due to dew condensation, etc. For example, in 
the case where the circumferential periphery of the con- 
ductive harness is completely wetted due to dew con- 
densation, etc., the capacitance-to-ground of the 
harness becomes ten times larger than that obtained 
when it is dry. As the capacitance-to-ground of the con- 



ductive harness increases, the time constant of the path 
extending from the reverse current preventing diode to 
the spark plug is caused to increase. In this instance, 
even if the amount of ions adjacent the electrodes of the 
j spark plug is constant, i.e.. even if the interelectrode 
resistance of the spark plug is constant, the voltage 
obtained by the voltage dividing circuit changes gradu- 
ally. 

As a result, in the case where a high voltage pulse 
w is applied from a reverse current preventing diode to an 
igniting line by way of a conductive harness, the capac- 
itance to ground of the conductive harness is liable to 
change much more depending upon a variation of envi- 
ronment as the conductive harness becomes longer. 
is thus deteriorating the accuracy on detection of a com- 
bustion condition or misfire. Further, in the case of the 
above described conductive harness, application of a 
high voltage causes a strong electromagnetic wave to 
radiate from the conductive harness, thus possibly 
20 being causative of radio interference noise. 

Further, in the above proposed device, a capacitor 
voltage dividing circuit made up of a capacitor of a small 
capacity and a capacitor of a relatively large capacity 
was used in order to detect a decay characteristic of a 
25 charged voltage after application of a high voltage 
pulse, similarly to the prior art devices shown in Figs. 4A 
and 4B, so a high voltage is applied, as it is, to the 
capacitor of a small capacity which is disposed on the 
igniting line side of the voltage dividing circuit and there- 
30 fore it is required that the capacitor be a high withstand 
voltage capacitor. 

However, such a high withstand voltage capacitor is 
expensive, relatively large in volume and cannot be a 
surface mounting part which is mounted on a circuit 
35 board, etc. Due to this, in the above proposed device, 
the capacitor of a small capacity, constituting part of the 
above described capacitor voltage dividing circuit, is an 
obstacle to reduction of cost, thus causing a problem 
that it cannot be attained with ease to make the device 
40 smaller in size and lower in cost. 

Referring now to Fig. 1 , a misfire detecting device 
which is applied to a double-ended distributorless igni- 
tion system according to an embodiment of the present 
invention will be described. 
45 As shown in Fig. 1, the ignition system is provided 
with an ignition coil 2 for applying a high voltage for igni- 
tion (tens of Wlovolts) to a pair of spark plugs 10(#1 and 
#2) of a multi-cylinder internal combustion engine simul- 
taneously. The ignition coil 2 is composed of a primary 
so winding L21 and a secondary winding L22 which are 
respectively wound on an iron core constructed of lami- 
nated thin silicon steel plates and is housed within a 
case filled with resin. The primary winding L21 is con- 
nected at one end to a positive side of a battery 6 and 
55 grounded at the other end by way of a power transistor 
TR2 which is turned on and off in response to an ignition 
signal derived from an engine control unit (ECU) 8. Fur- 
ther the secondary winding L22 of the ignition coil 2 is 
connected at opposite ends thereof to center electrodes 
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of spark plugs 1 0(#1 ) and 1 0(#2) of the respective cylin- 
ders #1 and #2 by way of high tension codes. In the 
meantime, outer electrodes of the spark plugs 10(#1) 
and 10(#2) are grounded. 

Then, to one of the opposite ends of the above 
described ignition coil 2, from which a high voltage for 
ignition is applied to a center electrode of one spark 
plug 1 0(#2) when the power transistor TR2 is turned off 
and a positive high voltage is produced, a high voltage 
pulse deriving from a combustion condition or misfire 
detecting device 15 is applied. 

The misfire detecting device 15 is provided with a 
high voltage pulse producing coil 20 which is made up 
of a primary winding LI and a secondary winding L2. 
The primary winding L1 of the coil 20 is connected at 
one end to the positive side of the battery 6 and 
grounded at the other end by way of a power transistor 
TR1 which is turned on and off in response to a signal 
from the engine control unit (ECU) 8. Further, one of the 
opposite ends of the secondary winding 12 of the coil 
20, which is positioned on the side where a positive volt- 
age is induced when the power transistor TR1 is turned 
off, is connected by way of a reverse current preventing 
diode D1 and a leakage preventing diode D2 to the 
spark plug 10(#2) side end of the above described igni- 
tion coil 2, and the other end is grounded. 

As a result, when the power transistor TR1 is turned 
on and off in response to a signal deriving from the 
engine control unit (ECU) 8 and a high voltage is 
induced in the secondary winding L2 of the coil 20 at the 
time when the power transistor TR1 is turned off, the 
induced voltage is applied as a positive high voltage 
pulse (about 3 kilovolts in this embodiment) to the spark 
plug 1 0(#2) side end of the ignition coil 2. That is, in this 
embodiment, a high voltage producing means is consti- 
tuted by the coil 20 and the power transistor TR1 , and a 
voltage applying means is constituted by the reverse 
current preventing diode D1 and the leakage preventing 
diode D2. 

Further, the cathode of the reverse current prevent- 
ing diode D1 and the anode of the leakage preventing 
diode D2, which constitute the voltage applying means 
in the above manner, are connected to each other by 
means of a central conductor of a shielding wire (coaxial 
cable) consisting of, as shown in Fig. 2A, a center con- 
ductor 32a, a conducting tube or outer conductor 32c 
disposed around the center conductor 32a whilst being 
provided with an insulator 32b threrebetween, and an 
insulation cover material 32d covering the outer conduc- 
tor 32c. 

To the outer conductor 32c of the shielding wire 30. 
a parallel circuit consisting of a capacitor C1 of a rela- 
tively large capacity (about 2500 - 5000 picofarads for 
instance) grounded at one end and a resistor R1 of a 
relatively large resistance (10 Ma for instance) is con- 
nected. The junction between this parallel circuit and 
the outer conductor 32c is connected to a detecting cir- 
cuit 25 which serves as a misfire detecting means and 
detects a combustion condition of each cylinders #1 and 
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#2 after completion of spark discharge on the basis of a 
decay characteristic of a voltage at that junction and 
outputs a detection signal S out . 

In the meantime, in Fig. 1 , a diode D3 which is con- 

5 nected at the cathode thereof to the cathode of the 
reverse current preventing diode D1 and grounded at 
the anode, is provided for preventing an excessively 
high negative voltage from being applied to a conduc- 
tive path for application of positive voltage, which 

10 extends from the secondary winding L22 of the ignition 
coil 2 to the spark plug 10(#2), and is desired to be 
arranged but can be dispensed with. 

In the misfire detecting device 15 of this embodi- 
ment, structured as above, the power transistor TR1 is 

is turned off after spark discharge at each cylinders #1 
and #2 in response to a signal deriving from the engine 
control unit (ECU) 8. Then, a high voltage is induced in 
the secondary winding L2 of the coil 20 in the above 
described manner and is applied as a high voltage 

20 pulse by way of the reverse current preventing diode D1 , 
the shielding wire 30 and the leakage preventing diode 
D2 to the spark plug 10(#2) side end of the secondary 
winding L22 of the ignition coil 2. 

As a result, a charge is stored in the secondary 

25 winding L22, the high tension codes extending from the 
secondary winding L22 to the spark plugs 10(#1) and 
10(#2), and the shielding wire 30 connecting between 
the reverse current preventing diode D1 and the leak- 
age preventing diode D2. 

30 The stored charge is discharged through the elec- 
trodes of the spark plug 1 0(#1 ) or 1 0(#2) after spark dis- 
charge thereof. Thus, in the case where normal 
combustion has occurred in the cylinder #1 or #2 after 
spark discharge thereat, the voltage at the cathode side 

35 of the reverse current preventing diode D1 decays rap- 
idly. On the contrary, in the case where normal combus- 
tion has not occurred in the cylinder #1 or #2 after spark 
discharge thereat due to a misfire, etc., the cathode side 
voltage does not decay rapidly. 

40 On the other hand, the reverse current preventing 
diode D 1 and the leakage preventing diode D2 are con- 
nected to each other by means of the shielding wire 30 
made up of a coaxial cable, and there exists between 
the center conductor 32a and the outer conductor 32c 

45 an electrostatic capacity which is determined by the die- 
lectric constant of the insulator 32b, the distance 
between the center conductor 32a and the outer con- 
ductor 32c and the area of the facing surfaces thereof, 
the length of the wiring, etc. Due to this, the voltage at 

so the cathode side of the reverse current preventing diode 
D1 is divided by the ratio of the capacity between the 
center conductor 32a and the outer conductor 32c to the 
capacity of the capacitor C1 connected to the outer con- 
ductor 32c. and the divided voltage is inputted to the 

55 detecting circuit 25. 

On the basis of the decay characteristic of the 
divided voltage, the detecting circuit 25 detects a com- 
bustion condition in the cylinder #1 or #2 after spark dis- 
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charge thereat and outputs a detection signal Sout in 
accordance with the combustion condition. 

In the meantime, although the capacitor C1 is con- 
nected with the resistor R1. the resistor R1 is of a high 
resistance and thus does not cause any influence to the 
transient decay characteristic of the divided voltage 
after application of the high voltage pulse. 

As having been described as above, in the misfire 
detecting device 15 of this embodiment, a coaxial cable 
is used for connection between the reverse current pre- 
venting diode D1 and the leakage preventing diode D2, 
and these diodes are connected to the center conductor 
32a of the shielding wire 30, so that the capacity-to- 
ground of the path extending from the reverse current 
preventing diode D1 to the ignition coil 2 does not vary 
largely depending upon a variation of an environmental 
condition such as dew and it becomes possible to pre- 
vent deterioration of the detection accuracy due to a 
variation of the capacity-to-ground of that path. Further, 
the path is shielded by the outer conductor 32c so that 
there is not caused any strong electromagnetic wave 
radiating outward by the application of the high voltage 
pulse. 

Further, as described above, in this embodiment, in 
order that the decay characteristic of the high voltage 
pulse after application thereof can be detected by the 
detecting circuit 25. the voltage at the cathode side of 
the reverse current preventing diode D1 is divided by 
the ratio of the capacity between the center electrode 
32a and the outer electrode 32c of the shielding wire 30 
to the capacity of the capacitor C1 , whereby a voltage 
dividing means can be constituted by a capacitor volt- 
age dividing circuit without requiring additional provision 
of a capacitor of a small capacity and of a high with- 
stand voltage which is large in volume and expensive 
and therefore it becomes possible to make the device 
smaller in size and reduce the cost thereof. 

While the shielding wire 30 is used in this embodi- 
ment for connection between the reverse current pre- 
venting diode D1 and the leakage preventing diode D2, 
it can be substituted for. as for example shown in Fig. 
2B, a double shielding wire constructed so as to dispose 
around a center conductor 34a an intermediate conduc- 
tor 34c whilst interposing therebetween an insulator 
34b, dispose an outer conductor 34e around the inter- 
mediate conductor 34c whilst interposing therebetween 
an insulator 34d, and cover the outer conductor 34e by 
means of an insulation cover material 34f, or as shown 
in Fig. 2C, a parallel two-wire type shielding wire con- 
structed so as to dispose two center conductors 36a 
and 36b in parallel to each other whilst interposing ther- 
ebetween an insulator 36c and dispose an outer con- 
ductor 36d around the center conductors 36a and 36b 
whilst covering the outer conductor 36d by an insulation 
cover material 36e. 

In the case where the double shielding wire is 
employed, by connecting the reverse current preventing 
diode D1 and the leakage preventing diode D2 by 
means of the center electrode 34a for thereby constitut- 



ing a path for application of a high voltage pulse by 
means of the center conductor 34a and by using the 
intermediate conductor 34c as a path for outputting of a 
divided voltage to the detecting circuit 25, an effect sim- 
5 ilar to that of the above described embodiment can be 
attained. Further, in this instance, since the intermedi- 
ate conductor 34c is shielded by the outer conductor 
34e, it becomes possible to constitute a path lor applica- 
tion of a high voltage pulse to the ignition coil 2 by 
10 means of the intermediate conductor 34c and use the 
center conductor 34a as a path for outputting of a 
divided voltage to the detecting circuit 25. 

Further, in the case where the parallel two-wire type 
shielding wire is employed, by connecting, as for exam- 
15 pie shown in Fig. 2C, the reverse current preventing 
diode D1 and the leakage preventing diode D2 by 
means of one center conductor 36a for thereby consti- 
tuting a path for application of a high voltage pulse to the 
ignition coil 2 by means of the center conductor 36a and 
20 by using the other center conductor 36b as a path for 
output of a divided voltage to the detecting circuit 25, an 
effect similar to that of the previous embodiment is 
obtained. 

In the case of employment of a shielding wire hav- 
25 ing a plurality of conductors inside an outer conductor, 
not only by using the inner conductors as paths for 
application of a high voltage pulse and a divided volt- 
age, respectively but by grounding, the outer conduc- 
tors 34e and 36d as shown in Figs. 2B and 2C. it 
30 becomes possible to prevent a variation of the capacity- 
to-ground of the path for application of high voltage 
pulse more assuredly, thus making it possible to 
improve the accuracy in detection of the combustion 
condition. Further, since the inner conductors are 
35 shielded by the outer conductor, production of noise 
(electro magnetic radiation) can be prevented assur- 
edly. 

In the meantime, in the case where the shielding 
wire 30 is used to connect the cathode of the reverse 
40 current preventing diode D1 and the anode of the leak- 
age preventing diode D2 for thereby constituting a path 
for application of a high voltage pulse, it becomes pos- 
sible to stabilize the capacity-to-ground of the path for 
thereby improving the accuracy in detection of the com- 
45 bustion condition. However, when this capacity-to- 
ground is too large, the high voltage pulse is absorbed 
by the path so that the voltage applied to the spark plug 
is lowered. Thus, it is necessary to make higher the volt- 
age produced by the coil 20. To this end. it must be done 
so to increase the number of turns of the primary winding 
L1 and the number of turns of the secondary winding L2 
of the coil 20 and make the coil 20 larger in size so that 
it can endure production of a higher voltage. 

Accordingly, in order to make the coil 20 smaller in 
55 size, it is desired to make the capacity-to-ground of the 
shielding wire 30 as smaller as possible. Particularly, in 
the case where the shielding wire 30 is used as a 
capacitor of a high withstand voltage and of a small 
capacity, constituting a capacitor voltage dividing circuit 
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as in the above described embodiment, there is caused, 
if it has a large capacity-to-ground, a problem in consti- 
tuting the capacitor voltage dividing circuit. For this rea- 
son also, it is desired to make the capacity-to-ground of 
the shielding wire 30 as small as possible. 5 

In order to make smaller the capacity-to-ground of 
the shielding wire 30, it will do to make, in the case 
where the shielding wire 30 is a coaxial cable shown in 
Fig. 2A, the insulator 32b between the center conductor 
32a and the outer conductor 32c, have a dual-walled 10 
structure consisting of an insulator section 32b-1 made 
silicon rubber, or the like and having a relatively high 
dielectric constant and an insulator section 32b-2 made 
of fluororesin such as Teflon and having a relatively low 
dielectric constant, cover the center conductor 32a by 15 
the insulator section 32b-2 of a low dielectric constant, 
cover the insulator section 32b-2 by the insulator sec- 
tion 32b- 1 of a high dielectric constant, and dispose the 
outer conductor 32c around the insulator 32b-1 of a high 
dielectric constant. 20 

To the same end, in the case where the shielding 
wire 30 is of the parallel two-wire type shown for exam- 
ple in Fig. 2C, it will do to make an insulator 36c have a 
dual-walled structure as shown in Fig. 2C\ cover the 
two center conductors 36a and 36b by an insulator sec- 25 
tion 36c-2 of a low dielectric constant, cover the insula- 
tor section 36c-2 by an insulator section 36c- 1 of a high 
dielectric constant and dispose an outer conductor 36d 
around the insulator section 36c- 1 of a high dielectric 
constant. 30 

On the other hand, to the same end, in the case 
where the shielding wire 30 is of a dual shielding wire 
shown in Fig. 2B, it will do to form an insulator 34b inter- 
posed between a center conductor 34a and an interme- 
diate conductor 34c, from fluororesin such as Teflon, 35 
i.e., an insulation material of a relatively low dielectric 
constant, and form the insulator 34d interposed 
between the intermediate conductor 34c and the outer 
conductor 34e, from silicon rubber, EPDM (ethylene 
propylene dien monomer), or the like, i.e., an insulation 40 
material of a relatively high dielectric constant. 

In order to make smaller the capacity-to-ground of 
the shielding wire 30, it will do to make larger the dis- 
tance between the center conductor 32a, 34a or 36a 
constituting a path for application of a high voltage pulse 45 
and the outer conductor 32c, 34c or 36d, or to make the 
dielectric constant ol the insulator 32b, 34b or 36c inter- 
posed therebetween as small as possible. However, 
when the distance between the center conductor and 
the outer conductor is made larger, the shielding wire 30 so 
becomes thicker, thus causing a problem of deteriorat- 
ing the workability in wiring, etc. or making it impossible 
to carry out wiring within an narrow engine compart- 
ment of an automotive vehicle or the like. On the other 
hand, when the insulator 32b. 34b and 34d. or 36c is all 55 
formed from an insulation material of a low dielectric 
constant, there is caused a problem of increasing the 
cost of the shielding wire 30 and therefore of the misfire 



detecting device since the insulation material is expen- 
sive. 

Accordingly, as described in the above, if the insu- 
lator 32b, 34b and 34d or 36c is made to have a dual- 
walled structure, the insulator 32b-2, 34b or 36c-2 of a 
relatively low dielectric constant is disposed on the 
center conductor 32a, 34a or 36a side, the insulator 
32b-1, 34d or 36c-1 of a relatively high dielectric con- 
stant is disposed on the outer conductor 32c, 34e or 36d 
side, a shielding wire 30 of a small capacity-to-ground 
can be obtained at a relatively low cost, whilst holding 
down the thickness of tie wire so that it does not cause 
deterioration of the workability. In this instance, particu- 
larly in the case of the double shielding wire shown in 
Fig. 2B, it can be produced with ease since the insula- 
tors 34b and 34d differing in dielectric constant are sep- 
arated by the intermediate conductor 34c. 

Further, while the embodiment of this invention has 
been described and shown with respect to a double- 
ended distributorless ignition system, it can otherwise 
be applied to a distributor type ignition system shown in 
Fig. 4A or a single-ended distributorless ignition system 
shown in Fig. 4B, to produce the same effect. 

For example, a single-ended distributorless ignition 
system shown in Fig. 3 is constructed so as to apply a 
high voltage produced in the secondary winding L42 
when the power transistor TR4 provided to a path for 
energization of the primary winding L41 of the ignition 
coil 40 is turned off, to one spark plug 1 0, so that it will 
do to apply a high voltage pulse by way of the second- 
ary winding L42 to the spark plug 10, and therefore 
there is no need of providing the misfire detecting 
device 15' with a leakage preventing diode D2 as in the 
above described embodiment. 

Accordingly, in the single-ended distributorless igni- 
tion system, the misfire detecting device 15' is con- 
structed so as to directly connect the cathode of the 
reverse current preventing diode D1 and one side of the 
secondary winding L42 of the ignition coil 40, which is 
not connected to the spark plug 10. In this instance, if 
this connection is attained by using the shielding wire 30 
shown in Figs. 2A ~ 2C and taking-in of a detection volt- 
age is performed indirectly by using the outer conductor 
and the intermediate conductor, it becomes possible to 
obtain the same effect as the above descried embodi- 
ment. 

Claims 

1. A misfire detecting device for an internal combus- 
tion engine having an ignition system for interrupt- 
ing flow of primary current through a primary 
winding of an ignition coil and thereby inducing a 
high voltage for ignition in a secondary winding of 
the ignition coil, and applying the high voltage for 
ignition to a spark plug provided to an internal com- 
bustion engine, the misfire detecting device com- 
prising: 

high voltage pulse producing means for pro- 
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ducing, after spark discharge of the spark plug, a 
high voltage pulse which is not so high as to cause 
the spark plug to discharge; 

voltage applying means for applying said 
high voltage pulse to a conductive path connecting 5 
between the secondary winding of the ignition coil 
to the spark plug, by way of a reverse current pre- 
venting diode and a leakage preventing diode con- 
nected to said conductive path; 

voltage dividing means for dividing a voltage 10 
at a side of said reverse current preventing diode 
nearer to said conductive line to obtain a divided 
voltage; 

misfire detecting means for deiecting a mis- 
fire on the basis of a decay characteristic of said 75 
divided voltage obtained after application of said 
high voltage pulse; 

wherein said reverse current preventing 
diode and said leakage preventing diode are con- 
nected by means of a shielding wire having an 20 
outer conductor for shielding. 

2. A misfire detecting device according to claim 1, 
wherein said shielding wire comprises a center 
conductor, an outer conductor disposed around 2s 
said center conductor, and an insulator interposed 
therebetween, said reverse current preventing 
diode and said leakage preventing diode being con- 
nected by means of said center conductor of said 
shielding wire, said voltage dividing means having a 30 
capacitor connected at one of opposite ends to said 
outer conductor of said shielding wire and 
grounded at the other of said opposite ends, and a 
voltage across said opposite ends of said capacitor 
being inputted as said divided voltage to said mis- 35 
fire detecting means. 

3. A misfire detecting device according to claim 2, 
wherein said insulator comprises a first insulator 
section having a relatively low dielectric constant 40 
and disposed more adjacent to an outer periphery 

of said center conductor and a second insulator 
section having a relatively high dielectric constant 
and disposed more adjacent to an inner periphery 
of said outer conductor. 45 

4. A misfire detecting device according to claim 3, 
wherein said first insulator section is made of an 
insulation material mainly containing fluororesin, 
and said second insulator section is made of an so 
insulation material mainly containing silicon rubber. 

5. A misfire detecting device according to claim 1, 
wherein said shielding wire is a double shielding 
wire including a center conductor, an intermediate 55 
conductor disposed around said center conductor, 

an outer conductor disposed around said interme- 
diate conductor, a first insulator disposed between 
said center conductor and said intermediate con- 



ductor, and a second insulator disposed between 
said intermediate conductor and said outer conduc- 
tor, said reverse current preventing diode and said 
leakage preventing diode being connected by 
means of said center conductor of said shielding 
wire, said voltage dividing means having a capaci- 
tor connected at one of opposite ends to said inter- 
mediate conductor and grounded at the other of 
said opposite ends, and a voltage across said 
opposite ends of said capacitor being applied as 
said divided voltage to said misfire detecting circuit. 

6. A misfire detecting device according to claim 5, 
wherein said outer conductor is grounded. 

7. A misfire detecting device according to claim 5, 
wherein said first insulator has a relatively low die- 
lectric constant, and said second insulator has a 
relatively high dielectric constant. 

8. A misfire detecting device according to daim 7, 
wherein said first insulator is made of an insulation 
material mainly containing fluororesin, and said 
second insulator is made ol an insulation material 
mainly containing silicon rubber. 

9. A misfire detecting device according to daim 1, 
wherein said shielding wire is a double shielding 
wire including a center conductor, an intermediate 
conductor disposed around said center conductor, 
an outer conductor disposed around said interme- 
diate conductor, a first insulator disposed between 
said center conductor and said intermediate con- 
ductor, and a second insulator disposed between 
said intermediate conductor and said outer conduc- 
tor, said reverse current preventing diode and said 
leakage preventing diode being connected by 
means of said intermediate conductor of said 
shielding wire, said voltage dividing means having a 
capacitor connected at one of opposite ends to said 
center conductor and grounded at the other of said 
opposite ends, and a voltage across said opposite 
ends of said capacitor being applied as said divided 
voltage to said misfire detecting means. 

10. A misfire detecting device according to daim 1, 
wherein said shielding wire comprises a plurality of 
parallel center conductors, an outer conductor 
placed around said center conductors, and an insu- 
lator disposed between said outer conductor and 
said respective center conductors, said reverse cur- 
rent preventing diode and said leakage preventing 
diode being connected by means of at least one of 
said center conductors of said shielding wire, said 
voltage dividing means having a capacitor con- 
nected at one of opposite ends thereof to remaining 
one of said center conductors and grounded at the 
other of said opposite ends, and a voltage across 
said opposite ends of said capacitor being inputted 
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as said divided voltage to said misfire detecting 
means 

11. A misfire detecting device according to claim 10, 
wherein said outer conductor is grounded. s 

12. A misfire detecting device according to claim 10, 
wherein said insulator comprises a first insulator 
section having a relatively low dielectric constant 
and disposed more adjacent to outer peripheries of io 
said center conductors and a second insulator sec- 
tion having a relatively high dielectric constant and 
disposed more adjacent to an inner periphery of 
said outer conductor. 

15 

13. A misfire detecting device according to claim 12, 
wherein said first insulator section is made of an 
insulation material mainly containing fluororesin, 
and said second insulator section is made of an 
insulation material mainly containing silicon rubber. 20 

14. A misfire detecting device for an internal combus- 
tion engine having an ignition system for interrupt- 
ing flow of primary current through a primary 
winding of an ignition coil and thereby inducing a 25 
high voltage for ignition in a secondary winding of 
the ignition coil, and applying the high voltage for 
ignition to a spark plug provided to an internal com- 
bustion engine, the misfire detecting device com- 
prising: 30 

high voltage pulse producing means for pro- 
ducing, after spark discharge of the spark plug, a 
high voltage pulse which is not so high as to cause 
the spark plug to discharge; 

voltage applying means for applying said 35 
high voltage pulse to a conductive path connecting 
between the secondary winding of the ignition coil 
to the spark plug, by means of a reverse current 
preventing diode and the secondary winding of the 
ignition coil; 40 

voltage dividing means for dividing a voltage 
at a side of said reverse current preventing diode 
nearer to said conductive line to obtain a divided 
voltage; 

misfire detecting means for detecting a mis- 45 
fire on the basis of a decay characteristic of said 
divided voltage obtained after application of said 
high voltage pulse; 

wherein said reverse current preventing 
diode and the secondary winding of the ignition coil so 
are connected by means of a shielding wire having 
an outer conductor for shielding 

15. A misfire detecting device according to claim 14, 
wherein said shielding wire comprises a center 55 
conductor, an outer conductor disposed around 
said center conductor, and an insulator interposed 
therebetween, said reverse current preventing 
diode and the secondary winding of the ignition coil 



20 

being connected by means of said center conductor 
of said shielding wire, said voltage dividing means 
having a capacitor connected at one of opposite 
ends to said outer conductor of said shielding wire 
and grounded at the other of said opposite ends, 
and a voltage across said opposite ends of said 
capacitor being inputted as said divided voltage to 
said misfire detecting means. 

16. A misfire detecting device according to claim 15, 
wherein said insulator comprises a first insulator 
section having a relatively low dielectric constant 
and disposed more adjacent to an outer periphery 
of said center conductor and a second insulator 
section having a relatively high dielectric constant 
and disposed more adjacent to an inner periphery 
of said outer conductor. 

17. A misfire detecting device according to claim 16, 
wherein said first insulator section is made of an 
insulation material mainly containing fluororesin, 
and said second insulator section is made of an 
insulation material mainly containing silicon rubber. 

18. A misfire detecting device according to claim 14, 
wherein said shielding wire is a double shielding 
wire including a center conductor, an intermediate 
conductor disposed around said center conductor, 
an outer conductor disposed around said interme- 
diate conductor, a first insulator disposed between 
said center conductor and said intermediate con- 
ductor, and a second insulator disposed between 
said intermediate conductor and said outer conduc- 
tor, said reverse current preventing diode and the 
secondary winding of the ignition coil being con- 
nected by means of said center conductor of said 
shielding wire, said voltage dividing means having a 
capacitor connected at one of opposite ends to said 
intermediate conductor and grounded at the other 
of said opposite ends, and a voltage across said 
opposite ends of said capacitor being applied as 
said divided voltage to said misfire detecting circuit. 

19. A misfire detecting device according to claim 18, 
wherein said outer conductor is grounded. 

20. A misfire detecting device according to claim 18, 
wherein said first insulator has a relatively low die- 
lectric constant, and said second insulator has a 
relatively high dielectric constant. 

21. A misfire detecting device according to claim 20, 
wherein said first insulator is made of an insulation 
material mainly containing fluororesin, and said 
second insulator is made of an insulation material 
mainly containing silicon rubber. 

22. A misfire detecting device according to claim 14, 
wherein said shielding wire is a double shielding 
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wire including a center conductor, an intermediate 
conductor disposed around said center conductor, 
an outer conductor disposed around said interme- 
diate conductor, a first insulator disposed between 
said center conductor and said intermediate con- 5 
ductor, and a second insulator disposed between 
said intermediate conductor and said outer conduc- 
tor, said reverse curent preventing diode and the 
secondary winding of the ignition coil being con- 
nected by means of said intermediate conductor of w 
said shielding wire, said voltage dividing means 
having a capacitor connected at one of opposite 
ends to said center conductor and grounded at the 
other of said opposite ends, and a voltage across 
said opposite ends of said capacitor being applied 75 
as said divided voltage to said misfire detecting cir- 
cuit. 

23. A misfire detecting device according to claim 14, 
wherein said shielding wire comprises a plurality of 20 
parallel center conductors, an outer conductor 
placed around said center conductors, and an insu- 
lator disposed between said outer conductor and 
said respective center conductors, said reverse cur- 
rent preventing diode and the secondary winding of 25 
the ignition coil being connected by means of at 
least one of said center conductors of said shielding 
wire, said voltage dividing means having a capaci- 
tor connected at one of opposite ends thereof to 
remaining one of said center conductors and 30 
grounded at the other of said opposite ends, and a 
voltage across said opposite ends of said capacitor 
being inputted as said divided voltage to said mis- 
fire detecting means. 

35 

24. A misfire detecting device according to claim 23, 
wherein said outer conductor is grounded. 

25. A misfire detecting device according to claim 23, 
wherein said insulator comprises a first insulator 40 
section having a relatively low dielectric constant 
and disposed more adjacent to outer peripheries of 
said center conductors and a second insulator sec- 
tion having a relatively high dielectric constant and 
disposed more adjacent to an inner periphery of 45 
said outer conductor. 

26. A misfire detecting device according to claim 25, 
wherein said first insulator section is made of an 
insulation material mainly containing fluororesin, so 
and said second insulator section is made of an 
insulation material mainly containing silicon rubber. 
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(54) Misfire detecting device for internal combustion engine 

(57) A misfire detecting device for an internal com- 
bustion engine is provided. The misfire detecting device 
comprises high voltage pulse producing means for pro- 
ducing, after spark discharge of a spark plug, a high 
voltage pulse which is not so high as to cause the spark 
plug to discharge, voltage applying means for applying 
the high voltage pulse to a conductive path connecting 
between a secondary winding of an ignition coil to the 
spark plug, by way of a reverse current preventing diode 
and a leakage preventing diode connected to the con- 
ductive path or by way of a reverse current preventing 
diode and the secondary winding of the ignition coil, 
voltage dividing means for dividing a voltage at a side of 
the reverse current preventing diode nearer to the con- 
ductive line to obtain a divided voltage, misfire detecting 
means for detecting a misfire on the basis of a decay 
characteristic of the divided voltage obtained after appli- 
cation of the high voltage pulse, wherein the reverse 
current preventing diode and the leakage preventing 
diode or the secondary winding of the ignition coil are 
connected by means of a shielding wire having an outer 
conductor for shielding. 
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